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Abstract
Background Patients with ESKD who are on chronic hemodialysis have a high burden of comorbidities that may
place them at increased risk for adverse outcomes when hospitalized with COVID-19. However, data in this
unique patient population are limited. The aim of our study is to describe the clinical characteristics and short-
term outcomes in patients on chronic hemodialysis who require hospitalization for COVID-19.

MethodsWeperformed a retrospective study of 114 patients on chronic hemodialysis whowere hospitalizedwith
COVID-19 at two major hospitals in the Bronx from March 9 to April 8, 2020 during the surge of SARS-CoV-2
infections in New York City. Patients were followed during their hospitalization through April 22, 2020.
Comparisons in clinical characteristics and laboratory data were made between those who survived and those
who experienced in-hospital death; short-term outcomes were reported.

ResultsMedian age was 64.5 years, 61% were men, and 89% were black or Hispanic. A total of 102 (90%) patients
had hypertension, 76 (67%) had diabetes mellitus, 63 (55%) had cardiovascular disease, and 30% were nursing-
home residents. Intensive care unit (ICU) admission was required in 13% of patients, and 17% required
mechanical ventilation. In-hospital death occurred in 28% of the cohort, 87% of those requiring ICU, and nearly
100% of those requiring mechanical ventilation. A large number of in-hospital cardiac arrests were observed.
Initial procalcitonin, ferritin, lactate dehydrogenase, C-reactive protein, and lymphocyte percentage were
associated with in-hospital death.

Conclusions Short-termmortality in patients on chronic hemodialysis whowere hospitalizedwith COVID-19was
high. Outcomes in those requiring ICU and mechanical ventilation were poor, underscoring the importance of
end-of-life discussions in patients with ESKD who are hospitalized with severe COVID-19 and the need for
heightened awareness of acute cardiac events in the setting of COVID-19. Elevated inflammatory markers were
associated with in-hospital death in patients with ESKD who were hospitalized with COVID-19.
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Introduction
Coronavirus disease 2019 (COVID-19), caused by a novel
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), was first reported in China in December 2019
(1,2). The global pandemic that followed has grown to
millions of cases worldwide (3). The first reported case of
confirmed COVID-19 in NewYorkwas onMarch 1, 2020
and, within weeks, New York City quickly became the
United States’ epicenter for COVID-19, with .200,000
cases and 17,000 deaths (4).

Montefiore Health System (MHS) has been the larg-
est hospital system in the Bronx providing care to
patients hospitalized with COVID-19. MHS admitted
its first patient with COVID-19 in early March 2020. As
of June 7, 2020, .6000 patients have been hospitalized
at MHS for COVID-19. Early reports identified older
age and underlying chronic comorbidities as risk fac-
tors for more severe disease and death from COVID-19

(4,5). The Bronx consists of a predominantly black and
Hispanic populationwith a disproportionate burden of
comorbidities including cardiovascular disease, hyper-
tension, diabetic mellitus, and ESKD (6–9). Compared
with the other New York City boroughs, the Bronx had
the highest rate of hospitalizations and death from
COVID-19 at the end of April (10).
The Montefiore Nephrology Division provides care to

.900 patients on chronic hemodialysis in the Bronx, in-
cluding the majority of hospitalized patients on chronic
hemodialysis at Montefiore Medical Center’s two main
campuses, Moses and Weiler Hospitals. Data regarding
outcomes in patients with ESKD on chronic hemodialysis
who are hospitalized for COVID-19 are limited. The aimof
our study is to describe the clinical characteristics and
short-term outcomes in patients on chronic hemodialysis
requiring hospitalization for COVID-19 in the Bronx dur-
ing the first month of the New York City area outbreak.
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Materials and Methods
Study Population
Between March 9 and April 8, 2020, we identified 114

consecutive patients with ESKD receiving chronic hemodi-
alysis who were hospitalized with laboratory-confirmed
COVID-19 at Montefiore Medical Center. Patients receiving
chronic peritoneal dialysis and kidney transplant recipients
were not included in the study. All patients were followed
during their hospitalization through April 22, 2020, so that
each patient had a minimum of 14 days follow-up for a hos-
pital-based outcome (discharge or in-hospital death). The
Albert Einstein College of Medicine institutional review
board approved this study. Informed consent was waived
and researchers analyzed only de-identified data.
Data from the electronic medical recordwere reviewed by

five nephrologists. Data extracted included demographic
information (age, sex, race/ethnicity), dialysis vintage, ar-
teriovenous access, clinical signs and symptoms at presen-
tation to the hospital, clinical comorbidities, and initial vital
signs laboratory data. Laboratory tests were performed at
the discretion of the treating physician. Laboratory data
extracted included white blood cell count, lymphocyte per-
centage, D-dimer, C-reactive protein (CRP), procalcitonin,
lactate dehydrogenase (LDH), ferritin, and IL-6. Information
on COVID-19 treatment with hydroxychloroquine and pro-
phylactic or therapeutic anticoagulation were noted. Data
on clinical outcomes including intensive care unit (ICU)
admission, need for mechanical ventilation, vasopressors,
thrombotic events, in-hospital death, discharge, and hospi-
tal length of stay were obtained.
Early on, during the abrupt rise in COVID-19 admissions

to our hospitals, we provided bedside hemodialysis to all
patients infected with SARS-CoV-2 to mitigate transmission
of infection within the hospital. Because this required a 1:1
dialysis nurse/patient ratio, the default frequency of hemo-
dialysis was reduced to twice weekly in patients without
hyperkalemia or signs of fluid overload. However, these
patients were assessed on a daily basis to determine if addi-
tional dialysis was needed. By the end of March, we ex-
panded our capacity by opening the inpatient hemodialysis
unit 7 days per week, increasing the number of on-call
hemodialysis nurses, and cohorting patients on hemodi-
alysis who had COVID-19 on the last shift, which was
followed by terminal disinfection of the unit, as per the
Centers for Disease Control and Prevention recommenda-
tions. As a result, the majority of our patients on chronic
hemodialysis who were hospitalized with COVID-19 were
dialyzed three times per week.

Study Definitions
A confirmed case of COVID-19 was defined by a positive

result on a RT-PCR assay of a specimen collected on naso-
pharyngeal swab from the Montefiore Virology Laboratory
or a commercial laboratory used by Montefiore (Viacor,
Lee’s Summit, MO).

Statistical Analyses
Descriptive statistics were used to summarize the data.

Categoric variables are presented as counts and percen-
tages. Continuous variables are presented as mean with
SD andmedianwith interquartile range (IQR) as appropriate.

Table 1. Clinical characteristics of patients on chronic
hemodialysis who were hospitalized with coronavirus
disease 2019

Clinical Characteristic Value

n5114
Admission location, n (%)
Home 79 (69)
Nursing home 35 (31)

Age, yr, median (IQR) 64.5 (55 to 73)
Sex, n (%)
Female 44 (39)
Male 70 (61)

Race/ethnicity, n (%)
Black 56 (49)
Hispanic 45 (40)
White 7 (6)
Asian 6 (5)

Dialysis vintage, yr, median (IQR) 3.2 (1.1
to 5.6)

Vascular access, n (%)
AVF 83 (73)
AVG 12 (11)
Central vein catheter (tunneled) 19 (17)

Clinical comorbidities, n (%)
Hypertension 102 (90)
Diabetes mellitus 76 (67)
Cardiovascular disease 63 (55)
Stroke 25 (22)
Pulmonary disease 40 (35)
Hepatitis C 19 (17)
Malignancy 14 (12)
Smoking, former or active 58 (5)

Home medication, n (%)
ACEi or ARB 25 (22)

Symptoms, n (%)
Shortness of breath 57 (50)
Fever $100.4°F 51 (45)
Cough 15 (13)
Chest pain 13 (11)
Altered mental status 10 (9)
Hyperkalemia (serum potassium .5.5

meq/L)
5 (4)

Diarrhea 6 (5)
Sepsis criteria on admission, n (%)
Fever $100.4°F 41 (36)
Heart rate .90 beats per minute 52 (46)
Respiratory rate $20 breaths per

minute
56 (49)

White cell count .12,000, (k/ml) 14 (12)
White cell count ,4000, (k/ml) 25 (22)

Admission vital signs, mean (SD)
Temperature (°F) 99.6 (99–

100.8)
Heart rate (beats per minute) 88.5 (75–

104)
Mean arterial pressure (mm Hg) 96.6 (83–

112)
Pulse oximetry (% saturation) 95.3 (5.5)
Body mass index (kg/m2), median

(IQR)
26.9 (23 to 31)

Chest x-ray findings, n (%)
Bilateral infiltrates 49 (43)
Focal infiltrate 21 (18)
Pulmonary edema 23 (20)
Pulmonary edema and bilateral

infiltrates
12 (11)

Clear 9 (8)

Numbers reported in table are mean (SD), median (IQR), or n
(%). IQR, interquartile range; AVF, arteriovenous fistula; AVG,
arteriovenous graft; ACEi, angiotensin-converting enzyme
inhibitor; ARB, angiotension receptor blocker.
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Comparisons in the clinical characteristics and inflamma-
tory markers between those alive and those who died were
performed using independent t tests. Regression analysis
was used to determine which normally distributed inde-
pendent variables influenced dependent variables. SPSS-26
software was used for statistical analysis. Significance was
defined as a P value #0.05.

Results
Patient Demographic and Clinical Characteristics
The clinical characteristics of the cohort are shown in

Table 1. From March 9 to April 8, 2020, 114 patients on
chronic hemodialysis were hospitalized with COVID-19 at
the two main Montefiore Medical Center campuses. The
median age was 64.5 years, 61% were men, and 89% of
the patients were black or Hispanic. The most common

comorbidities were diabetes mellitus (67%), hypertension
(90%), coronary artery disease (55%), and pulmonary disease
(35%). Additionally, 31% were nursing-home residents. The
median dialysis vintage was 3.2 years and 83% had an
arteriovenous fistula or arteriovenous graft. The most com-
mon symptoms at initial presentation were shortness of
breath (50%) and fever (45%). Less common symptoms in-
cluded cough, chest pain, and diarrhea. Many patients pre-
sented with signs of sepsis on admission, 36% had a temper-
ature $100.4°F, 46% had tachycardia, 49% had tachypnea,
12% had leukocytosis, and 22% had leukopenia. Admission
chest x-ray findings were notable for bilateral infiltrates in 49
(43%) patients, 23 (20%) had pulmonary edema, and 12 (11%)
had bilateral infiltrates and pulmonary edema. Nine (8%)
patients had a normal chest x-ray on admission.

Outcomes
Table 2 shows the clinical outcomes of patients on chronic

hemodialysis who were hospitalized with COVID-19 during
the study period. The majority (87%) of patients were ad-
mitted to a general medical floor, 76% received hydroxy-
chloroquine as treatment for COVID-19, and 85% were
placed on prophylactic or therapeutic anticoagulation. Ten
patients clinically decompensated on the general medical
floor and required intubation and transfer to the ICU. A total
of 15 (13%) patients required ICU-level care, 19 (17%) patients
required mechanical ventilation, and 18 patients (16%) re-
quired vasopressors. The predominant modality for RRT in
this cohort was intermittent hemodialysis, with the exception of
two patients who required continuous RRT and one patient
who required sustained low-efficiency hemodialysis due to
hemodynamic instability. Eight (7%) patients were found to
have a new thrombotic event during their hospitalization. Five
patients developed a clotted arteriovenous fistula requiring
declotting or placement of a central vein catheter. Two patients
had an acute deep venous thrombosis and one patient de-
veloped acute splenic infarcts.
In-hospital death occurred in 32 (28%) patients in the total

cohort, including 19 patients (19%) admitted to a general
medical floor and 13 patients (87%) admitted or transferred
to the ICU. (Figure 1, Table 2) The most common causes of
death were cardiac arrest and respiratory failure. Of the
patients who died, 14 (44%) had a sudden cardiac arrest
requiring cardiopulmonary resuscitation, 12 were found to
be in asystole, and two patients had ventricular fibrillation
arrests. The causes of most cardiac arrests were hemody-
namic instability and severe hypoxic respiratory failure.
Two patients died from hyperkalemia. Seventeen (53%)
patients who died had a “do-not-resuscitate” order in place.
A total of 19 patients required mechanical ventilation,

including 14 ICU patients and five general medical floor
patients, and 18 out of 19 (95%) patients requiring mechan-
ical ventilation died. Six patients were terminally extubated
after a family decision to withdraw care due to poor prog-
nosis. The majority of the general medical floor patients that
died had a do-not-resuscitate and do-not-intubate order in
place at the time of death.
At the end of the study, follow-up was complete on 92%

of the cohort. In-hospital death occurred in 28% of patients,
64% had been discharged, and 8% remained hospitalized.
The median hospital length of stay for those who were

Table 2. Clinical course and outcomes in patients with ESKDon
chronic hemodialysis hospitalized with COVID-19

Clinical Course Value

Hospital admission, n (%)
General medical floor 99 (87)
Intensive care unit 15 (13)

COVID-19 Treatment, n (%)
Hydroxychloroquine 87 (76)

Anticoagulation, n (%)
None 17 (15)
Apixaban 36 (32)
Heparin 57 (50)
Warfarin 4 (14)

Mechanical ventilation
according to location, n (%)

19 (17)

Intensive care unit 14
General medical floor 5

Vasopressors, n (%) 18 (16)
Renal replacementmodality,n (%)
Intermittent hemodialysis 111 (97)
Continuous RRT 2 (2)
Slow low-efficiency

hemodialysis
1 (0.8)

New thrombotic events, n (%) 8 (7)
In-hospital death, n (%) 32 (28)
Intensive care unit 13/15 (87)
General medical floor 19/99 (19)

In-hospital death in those
requiring mechanical
ventilation, n (%)

18/19 (95)

Terminal extubation, n (%) 6/19 (32)
Causes of death, n (%)
Cardiac arrest 14 (44)
Respiratory failure 14 (44)
Anoxic brain injury 2 (6)
Hyperkalemia 2 (6)

Death with a DNR order in place 17 (53)
Hospitalization status in those

alive, n (%)
Discharges 73 (64)
Still admitted at time of study 9 (8)

Hospital length of stay (days),
median (IQR)

Discharged 9 (6 to 12.8)
Died in hospital 8 (4 to 14)

Numbers reported in table are n (%). Hospital length of stay is
reported as median (IQR). COVID-19, coronavirus disease 2019;
DNR, do not resuscitate; IQR, interquartile range.
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discharged was 9 days (IQR, 6–12.8) and was 8 days (IQR,
4.3–14) for those who died.
Table 3 demonstrates comparisons in the baseline char-

acteristics, initial vital signs, and laboratory data in those
alive and those who died in the hospital. Those who died
were younger compared with those alive (61 years versus
66 years, respectively). There were no differences in sex,
race, dialysis access or vintage, or clinical comorbidities
between those who died and those alive. Admission respi-
ratory rate was significantly higher (P50.03) and oxygen
saturation was significantly lower (P50.04) in those who
died (Table 3). A significant difference in initial inflamma-
tory markers was observed in those who died compared
with those alive. More specifically, the initial procalcitonin,
CRP, LDH, and ferritin were higher, and the lymphocyte
percentage was significantly lower, in those who died.
(Table 3) Although limited by the extent of missing data,
IL-6 concentrations were significantly higher among those
who died (n546/114) (Table 3).
Figure 2 illustrates the initial and peak inflammatory

markers for patients alive compared with those who died.
In-hospital death was associated with higher initial procal-
citonin, CRP, LDH, and ferritin, as well as peak procalcito-
nin LDH levels.

Discussion
Our study describes the clinical characteristics and short-

term outcomes of 114 patients with ESKD on chronic he-
modialysis who required hospitalization for COVID-19 at
two major hospitals in the Bronx during the first month of
theCOVID-19 surge inNewYorkCity. TheCOVID-19–related
in-hospital death rate observed in patients on chronic he-
modialysis was higher than that observed in patients with-
out ESKD who were hospitalized with COVID-19 at our
medical center between March 11 and April 26, 2020 (28%
versus 23%, respectively) (11). In-hospital death was high in
hospitalized patients on chronic hemodialysis who required

ICU admission and/or mechanical ventilation (87% and
95%, respectively). Several admission inflammatory mark-
ers were associated with in-hospital death including pro-
calcitonin, CRP, LDH, and ferritin.
Inflammatorymarkers were higher in patients with ESKD

on chronic hemodialysis who died compared with those
who survived. A robust immune response leading to cyto-
kine storm is one proposed mechanism of SARS-CoV-2
leading to severe illness and death. When compared with
healthy controls, patients infected with SARS-CoV-2 had
increased concentrations of proinflammatory cytokines (5).
Huang et al. (5) reported elevated levels of serum granulo-
cyte cell-stimulating factor, interferon-inducible protein 10,
monocyte chemoattractant protein-1, macrophage inflam-
matory protein 1A, and TNFa in patients with COVID-19
requiring ICU admission, suggesting cytokine storm was
associated with disease severity. A single-center study in
Wuhan of 150 patients with COVID-19 demonstrated higher
ferritin, LDH, and IL-6 were associated with reduced sur-
vival (12). In addition, previous coronavirus outbreaks with
SARS and Middle East respiratory syndrome reported an
association between elevated proinflammatory cytokine
levels and severity of pulmonary inflammation and lung
injury (13,14). Our findings demonstrate elevated inflam-
matory markers are associated with more severe disease
and mortality in patients with ESKD who are on chronic
hemodialysis and require hospitalization for COVID-19.
Trends in these markers may help risk stratify those at risk
of poor outcomes and inform treatment decisions regarding
aggressive medical treatment versus end-of-life care.
Second only to cardiovascular disease, infections are

a leading cause of death in the ESKD population (15).
Uremia is associated with alterations in primary host de-
fense mechanisms which may increase the risk of bacterial
infections (16–22). Septicemia is the most common reason
for hospitalization in patients with ESKD; it is responsible
for nearly 81,000 admissions and 14,500 readmissions in
2016 (18). Furthermore, annual death rates due to pneumonia

Chronic hemodialysis 
patients hospitalized 

with COVID-19
n=114 

General medical floor 
n=99

(86.8%)

Alive
n=80

(80.8%)

Discharged
n=73 

(91.3%)

Still admitted
n=7 

(8.7%)

Died
n=19

(19.2%)

Intensive care unit 
n=15

(13.2%)

Alive
n=2 

(13.3%)

Still admitted
n=2 

(100%)

Died
n=13

(86.7%)

Figure 1. | Disposition of hospitalized patients on chronic hemodialysis with coronavirus disease 2019 (COVID-19) during the study period.
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and sepsis are significantly higher in patients on dialysis
compared with the general population. Patients on dialysis
who are 65–74 years old have a tenfold higher risk of death
from pneumonia and 100-fold higher risk of death from
sepsis (23). Uremia is associated with impairment of gran-
ulocyte and lymphocyte function which may alter the im-
mune response to SARS-CoV-2 infection (14–19). Initial
studies reported increased mortality in patients with un-
derlying comorbidities, such as hypertension and diabetes
mellitus, which are common in the ESKD population (24).
Therefore, there has been significant concern within the
nephrology community that patients on hemodialysis with
COVID-19 will be at greater risk for poor outcomes. In-
terestingly, amilder disease course was observed in a single-
center study from China of 37 patients on hemodialysis in
which no patients required ICU and no deaths were directly
attributed to COVID-19 pneumonia (Y. Ma, B. Diao, X. Lv,
J. Zhu, W. Liang, L. Liu, et al.: 2019 novel coronavirus
disease in hemodialysis [HD] patients: report from one
HD center in Wuhan, China. Medrxiv, 2019; doi:10.1101/
2020.02.24.20027201). In that study, lower serum levels of

inflammatory cytokines were observed in patients with
ESKD compared to patients without ESKD, suggesting
a weakened immune response may mitigate cytokine storm
and its deleterious effects (Y. Ma, B. Diao, X. Lv, J. Zhu, W.
Liang, L. Liu, et al.: 2019 novel coronavirus disease in hemo-
dialysis [HD] patients: report from one HD center in Wuhan,
China. Medrxiv, 2019; doi:10.1101/2020.02.24.20027201).
However, our data suggest that a subset of hospitalized
patients on chronic hemodialysis develop cytokine storm
and, in these patients, this is associated with poor prognosis
and high in-hospital mortality rate.
Many of the deaths in our hospitalized COVID-19 chronic

hemodialysis cohort were due to cardiovascular events,
including cardiac arrests due to arrhythmias and hemody-
namic instability. For two patients, hyperkalemia was a con-
tributory factor. Similarly, in a single-center study from
Wuhan of patients on chronic hemodialysis with COVID-
19, six of 37 (16%) deaths were due to cardiovascular or
cerebrovascular causes (Y. Ma, B. Diao, X. Lv, J. Zhu, W.
Liang, L. Liu, et al.: 2019 novel coronavirus disease in hemo-
dialysis [HD] patients: report from one HD center in Wuhan,

Table 3. Comparisons in clinical characteristics, initial vital signs, and inflammatory markers in those alive compared with those
who died

Characteristic Alive Deceased P Value

Patients, n 82 32
Age, yr, median (IQR) 66 (56 to 74) 61 (48 to 67) 0.05
Sex, n (%)
Female 31 (38) 13 (41) 0.8
Male 51 (62) 19 (59)

Race/ethnicity, n (%)
Black 43 (52) 19 (59) 0.4
Hispanic 32 (82) 9 (28) 0.3
White 3 (57) 3 (9) 1.0
Other 4 (50) 1 (3) 0.8
Dialysis vintage (yr), median (IQR) 3.2 (1 to 6.1) 3.2 (2.1 to 4.8) 0.5

Vascular access, n (%)
AVF 57 (70) 26 (81) 0.2
AVG 9 (11) 3 (9) 0.8
Central vein catheter (tunneled) 16 (20) 3 (9) 0.2

Clinical comorbidities
Hypertension, n (%) 73 (89) 29 (91) 0.9
Diabetes mellitus, n (%) 53 (65) 23 (72) 0.5
Cardiovascular disease, n (%) 41 (57) 16 (50) 0.8
Stroke, n (%) 16 (20) 9 (28) 0.3
Pulmonary disease, n (%) 30 (37) 10 (31) 0.6
Hepatitis C, n (%) 14 (17) 5 (16) 0.9
Total number of comorbidities, median (IQR) 3 (3–5) 3.5 (3–5) 0.4

Initial vital signs, median (IQR)
Temperature (°F) 99.4 (98.4 to 100.8) 100.3 (98.6 to 101.1) 0.6
Respiratory rate (breaths/min) 19 (18 to 22) 20 (18.3 to 23.5) 0.03
Heart rate (beats/min) 88 (74 to 103) 93 (76.5 to 105.5) 0.7
Pulse oximetry (%) 96 (95 to 98) 96 (90 to 99) 0.04

Initial laboratory data, median (IQR)
White cell count (k/ml), n5114 5.5 (3.9 to 7.6) 6.7 (4.7 to 9.5) 0.6
Lymphocyte (%), n5114 16 (9.5 to 22) 9.5 (6.8 to 14.3) 0.002
Procalcitonin (ng/ml), n560 2.3 (1 to 6.8) 7 (1.5 to 11.7) 0.06
C-reactive protein (mg/dl), n5102 9.3 (3.8 to 18.9) 14.2 (10.2 to 27) 0.005
D-dimer (m/ml), n539 0.3 (1.9 to 4.6) 1.4 (0.9 to 6.1) 0.5
LDH (U/L), n5106 329 (258 to 449) 487.5 (346 to 613) 0.05
Ferritin (ng/ml), n583 2880 (1698 to 4512) 3812 (2839 to 8311) 0.005
IL-6 (pg/ml), n546 48.2 (22.8 to 148.9) 132 (66.3 to 234.4) 0.04

Numbers reported in table are n (%). Laboratory data are reported as median (IQR) or n (%). IQR, interquartile range; AVF, arte-
riovenous fistula; AVG, arteriovenous graft; LDH, lactate dehydrogenase.

KIDNEY360 1: 755–762, August, 2020 ESKD Outcomes in COVID-19, Fisher et al. 759

doi:10.1101/2020.02.24
doi:10.1101/2020.02.24
doi:10.1101/2020.02.24.20027201


China. Medrxiv, 2019; doi:10.1101/2020.02.24.20027201).
These deaths were felt to be due to complications from
hyperkalemia, caused by reduced hemodialysis attendance
due to fear of viral exposure. This highlights the need to
closely monitor serum potassium levels, educate patients
about a low potassium diet, and use prophylactic potassium
binders. Compared with the general population, patients on
dialysis have a higher burden of cardiovascular disease,
including a ten- to 30-fold increase in cardiovascular-related
mortality (25). In addition to traditional risk factors, respi-
ratory viral illnesses are associated with cardiovascular
morbidity and mortality (25). Epidemiologic studies of in-
fluenza have demonstrated an increased risk of acute myo-
cardial infarction during viral infection (26–29). In a case
series of 364 hospitalizations for acute myocardial infarction,
there was a sixfold higher incidence of admissions for acute
myocardial infarction during the 7-day period after laboratory-
confirmed influenza infection compared with a control period
1 year before or after influenza (26). Although the patho-
physiology is unclear, respiratory viruses may elicit direct
cardiac damage or indirect damage through systemic

effects via inflammatory cytokines and prothrombotic
changes (29). Similarly, severe COVID-19 has been shown
to be associated with myocarditis due to direct viral-
related inflammation, microvascular thrombotic events,
and cardiogenic shock (30,31). In a study of 416 patients
who were hospitalized with COVID-19, almost 20% had
evidence of myocardial injury which was associated with
.50% in-hospital mortality (30). More than half of our
ESKD cohort had cardiovascular disease, underscoring the
need for vigilance in this vulnerable population hospital-
ized with COVID-19.
Single-center studies from China and Europe have reported

in-hospital death ranging from 16% to 41% among patients
with ESKDwho are hospitalized with COVID-19 (24,32–35).
Outcomes of COVID-19 in the United States ESKD popu-
lation are limited. Two of the first reported COVID-19 deaths
in the United States were in patients on hemodialysis in the
State of Washington (36). A recent case series of 59 patients
on dialysis from a New York City medical center reported
in-hospital death was 31%, and 75% in those requiring
mechanical ventilation (37). Our population is unique in
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that it is a predominantly minority population, consisting of
mostly black and Hispanic patients. Despite worse out-
comes reported in minority populations and a higher case
fatality rate in the Bronx early on in the New York City case
surge, the in-hospital mortality of 28% in our primarily black
and Hispanic ESKD cohort was similar to that reported in
white and Asian ESKD populations.
Our study’s strengths include its relatively large sample

size to date of patients with ESKD who were hospitalized
with COVID-19 and its minority-predominant population
that has not previously been reported on. We were also able
to account for follow-up of the initial hospitalization to
a hospital-based outcome of death or discharge for the
majority of the cohort. Limitations of our study include
(1) inability to assess out-of-hospital deaths, (2) inflamma-
tory marker tests were not performed on all patients nor at
scheduled time intervals due to the retrospective observa-
tional study design, and (3) inability to adequately evaluate
racial differences due to a predominantly minority popula-
tion with very few white patients. Finally, this study is limited
by short follow-up period. Long-term outcomes after COVID-
19 infection in patients with ESKD are unknown and require
further investigation.
Patients with ESKD receiving chronic hemodialysis who

require hospitalization for COVID-19 are at increased risk
for adverse short-term outcomes, including cardiovascular-
related death. In-hospital mortality approaches 100% for
patients on chronic hemodialysis with COVID-19 who re-
quire mechanical ventilation and should be considered when
addressing goals of care, advance directives, and end-of-life
discussions in those patients with their health care proxy.
Elevated inflammatory markers correlate with disease se-
verity and are associated with in-hospital death in this
population.
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